Signal Converter SjUg^j cjjj^A 



-Xl£ jjj 3 h£UA\ ejajj! ujj gj 1-5 

^-Ic ^k^Jl .A^JjLcJ ?rjl_i-xjj (J^.la ^--da^)]) (JjIAjuuJI aUsiJ jj a.l^.j3 Aj3 (jj^J /uJajJ L^jj-aj ( 1 

Analog to ) c^j JJ c?^^ t>° Jj^-all ^U *j j-aL..^ ^_^. ^jc £jUc ja J£Jdl! jIjujj 
Aitj a^j cjLjLt-a JJ JA^I (Ja.^11 ^JjJ A/D —j >^»lkjj (Digital Converter 
Digital to ) ^Uj Ji ^j ^ Jj^l ^j ^jij si J ^ j£ ^jll ^Uaill ^ ja^ll 

D/Au_j jt^Vij (Analog Converter 



A/D 

JjfmmS 



J*jM 



jyw» 



u- 



s^**^- Ji^& 



D/A 




(1-5) JLi 

(Analog Signals) aM^\ cAJJM) -1 

SjLjVI L^-° 4S^Aa«6 AjJ-aJ ajJ3 j!>Lk p Uaijl qj± Alua! jlaj ajjUtla Laj2 iku d)l jL^ij ^ 
(c_J— 2 - 5) J^> ^ ^ i-iulgJI jjajfLia Qc, aj^L-all AjjIjj^I 



aA)^ 



^-2-5 



■*t 




) 0-2-5) 



"SCO 



(Digital Signals) 4-u5 A £A ;U3fl -2 
(.^-2-5) J^ -^V ( ... uiljiHSIj c-^laJI ^> SjjU-qII cjIjUVI <4ft 



I 

-4 — - » 



4 



n r 



n n r 



(---2-5) 

( 1-3-5 ) J£^l a^Lj *>*! - V^j SjUil- ^ 

( ^j-3-5 )tP! a^Lj SjLM - a^Lj SjLil- Y 

( _^-3-5 ) JLill a^aj CjUUj - ao^j SjLil- r 

( J~3 - 5 ) JSoSiII 4_LaiJj CjUUj — AjIjUj SjLSJ— £ 



JftH^j^N*W^ ^g ^J^^^ 




j imn 



rtrin t ^-^--, nnn ... nrm 



iiljLWI Jj^uj Jjj^j ^ AjIac cilluki (3-5) <££ 



:^ju LaJ aJjLujI (jc 4_LaiJ^)3l JL-ajVI 4-aiaj| JlLaJ 

.^oSjll Jffinlrtll ^ CjLaji*-a]l AjC-^il A-llUJI fl<ili£Jlj 6^J^JI — ^ 

SJ^-^J ^j-a JjJaSl Ja*Ju AjSjJjj Aj j! ^&LjjI j 4_jlclij Aj-aa_jll JL-ajVI &j£-?-l J"^ — ^ 

tAjfiLull 4 J^Vl ^J 4ia Jit 4_LaSj]| 4 *UNt Jc (Noise) (jSjjj&ll jJjh jjfLi - V 

J laajuaU ^-oSjll 3 rtVtiVl ^i dull Slia (j^ij Jo d! jLiVI (j-a -i^ ^^ 'Sh^J ~~ £ 

.J^alall f-^jJI Jl^jVI CjLl& 

.AjLa^Jlj (J-aVlj ^^C- ^j^ ^J^»*J ^^ "— l^l^l jjq tin ^^Ic 4_i-aiJj]| 4-aJajVI Aa1«j — © 

.A^Ulll % J^Vl ^> AjjL-ajal J&l AoaSjII 4-akiVI ^u - 1 

c (jj^^Jl Axa3^)ll CjI jLujVI A^Jl*-a (A 4jjgija all CliUJJ&ll 4_La3^)]| 4-aiajVI a-I^JjujJ — V 

.^jfiLull 2 »Ufyl ^ iyftVi j&l A^aSjll ^LJajVl Jbu~ ^ 

,4j]jL<u1| A^aiajVI A-g 4ijtLa 1^. J;"^ (J*-^ lP 3 ^) 3 " £*?" ~ ^ 



( A/D) , «*S A - , JSUttl Jj ggtt 

SjLjo] JJ«j] Ha j CjI >>mll <j-a aLuJjjo ^j AjIjUuII ajLiVI J^^u ^£> 4_i3VI fi^A .lAiaj 
ji A^aJalLa Sjjj^aJ cllliiC. JLujjJ ^gi^j <«— ua. A/D jl ADC 4-iiVI 6^-1 J-°JJj t tliLa jLt-oll 

A^Laii]! SjLujVI J^Jjj (jC- Ij^ajC (j-ajjl &«^-J 

(4-5) J^l J^V 

: (^\ja d£ti ^1 ^JjSI - ^ttUSSI Jjjaall AJl J*l>* ^uftj 
ajJ^J ^J Ikl ^j : (Sampling) £Aip\\ ikt- ^ 

&.H^a CjIjjS ,J Al^ala]| aJjLuII fijLiYI pLuV 
(j-ajj| Jl^-a ^_i <L gaiLa SjLaiVI ft j <■ <aJ t * >< J' N - ) ) t 

(4-5) J^ 




IL 



fjSll l^jSj ajLo ^a (Quantization) ^h^I- X 
Ikl aI^j* ^ cjlkl ^lj (Samples) ^iaJll 
(Levels) »"^ * cjLjjIui* JJ CjLnxJl 
j^aj i s^.ii^Q ■4_iAaj ^j>*j ,~j^ < "- J sj^ jaL ' <i ^L^cl ^Aac ,_a (Coding) j^jjjI - V 
Jjj^jM 2bLJ ^jji^Il uu- .« (5-5 ) J^JI asj '( 1 J ^L&l <.Uidl 



t ,,, Jjj'UJSjUl Sampling 

m{t) 



V- 



*~^l 



m q (t> 



r- 




Coding 
>^l J ^ 

— Crir^ 



4^*£ 3 SjLwl 




t (msec) 



cr^J l^! (^^ 0* tki*^ g^j-iluaii JakL^I (5-5) Jli 

JjJl AjLUuII cjLjI**]! 6jUJ : m (t) : j) d^ 

(6-5) J^il! ^ o^ ja L£ m(t) A sin (2 T ft) 

— ^JjLiill (Jjj^jjj AjIaC ,_£ C— lA^J I^Lo a^ij /^Jj 

6jiA l^jfi j-oj (^jII tlDtill (j^.1 j-all rj£* Q* ajV /g^ajll 

(6-5 ) JiS 

(Sampling ) ^jUgj) Ikj 4Ja >a 
Aiki ^j (Sample) 3_n*i! ikV l_)U! ^ ) (gating) s^jfj 4Aac cjlii*J! Ik! ^Lo Jl*j 

j£j£j ^luaala ^J§ Ik! jj) ( J ladjL AjL*]| JJ^iij hold fuaL ^-SJ*^J ' t*!^ ^IjSlI •ija-aJ 

(Sampling Theorem) c^lii*]| ajj^j <-^j*^ (> -^V Uaj .aJjLj SjLiJ AjuJ ^uia 

JJjIj (f m ) ^x^i^Vl ^j£ll CjIJ AjIjUuII ajLiVI <>» ^^J^ Ikl *jj 4jI ^^ L >alj ^Ij 

SjlJiVI ^U.jU jixj C5 li. t*Ui 4 fs >2f m ^Jadltt SjjA-aJj 2f m jC JL V (fs) CjlluJl 

( nyquist frequency ) di^jlAi jjjI fs=2fm ajA\ <uj3 ^ai j 
(aliasing error) __? ^-sj*^ j J^ljili tkk dj^j 2fm jc fs cAiixJI ikl jsjjj J3 IjI j 



m{t) 



:^L U ^jl m(t) = 8 sin (2A 1000 t) :ajjV! *bl**L *£** W SjLiJ : (1) JL. 

.A SjL5)fl^LJl- «J— »*& 

A=8 

f m =1000Hz 
f s = 2f m = 2(1000) = 2000Hz 

Ts= x = w =(0 - 5)(10) ' 3=a5ms 




ns 



e^J^^ol^JUJip * 



ns f m 1000 2 



Analog To Digital Converter (A/D) ^ ^jj <JSU <-* Jjjagj 2-5 

^l jl AiLk]J cljV^-a o^ aj-iU A^Lull Cj! jL£H AjaJU-c *l j^V A^.U tSXliA jj£j U^JC 

a^j cj! jLil J) aJjLjjII cj! jUiVI &^a Jjj^j c*Uj Jj3 * jL -uli & 4-Laljll Jv>nnll CjI^j 

QA £lj J)-\a\\ ^j Aj^LaJI J^-laJ tillJl] 4 LgJLA (J^lxlll Jj-n ulHj| Cjl.la.jj CjUjolLaJ! Aihi»n ^-£j 

<J ^ jL ^Jlll *lj^VI (J^JU g^J J) J^ t> Jj^l ^ jsj (A/D) gr^J JJ J-^ 
CjI jL£] JJ 4ik|j]| AjJjLuH CjI jUiVI JjJ^J 4*JJ^ (jc- r4^ C5^^ JJ L5^J t>° JjP-^ 

Ji.^11 jl 4_La Tt^aJJ Lo£ (A/D) Jj^> all ^j.liuoll kka^all (7 — 5 ) J^l j-a Ul g » ^aJJ j 
A-LaSjll £■ jaJ! 4_aj3 r- jl jpJj (3V — 0V) Qii r- j! jjj f AjIjLjj ajUij j Jj^^a j^ja. jc ajhc- 

.J^J ^a^Jc bUcI (1111) ^ij (0000) i±*l\ qx 



wSF ***p J*** 



JJL.A yfciK j^m- 




It 4i 2s It 



2L|il2 e liji AjuJ <p (A/D) Jj^II ^4-^1 JiAfl (7-5) js-i 

Comparator jjlia- ^ 

And Gate "j" 3Jjj- X 

Counter j^- V 

A/D Converter JjUu JJ ^j <> Jj^- i 

Jj^JI _j C5 aj^ ^\j (A/D ) diVj^l ^IjjI ^V ^L*]i SjjU jjjj (8~5) Ji^lj 

Aajaj gJJ ^-i Ali.l^]| ^)jL*aU*]! (j-aj-ia D/A UJ^-° L?^ iSj^^ ^J^ *-*^ J&3 U-J^J^ ^Jjaid 




A/D cjVj^I ^IjjI ^ 4A**1\ ij\*l\ (8-5) J1A 



JjiUJ 4^ji> Jj| jjj Jjp-Jl I^A pyA*r!\ <J Ja.1^11 D/A Jja-aJI jl tSlli^ ^jiilj (0.75v) 

(0.2 v) 



<_£ jL^J SjjjJ! Aj^ijl! jl ^1 D/A = Ov 
UiVi c^jLou (^H!j D/A Jjp^JI ^ ja. x-a (0.75v) JjUHI a^-sW 4ijlia ^jj- Y 
.1 jjlLJI ^"ja. (jj^j JtilUa jj^I JjLojII ^-^1 jl AJjlLall «jU uj^3 ^ cji^a 

0001 ^I^JI SeljS ^i.^ Clock _ll (> 4 > >iii *LkoJ ^jj- V 
0.2v ja D/A Jja-JI ^ ja. ^i^»j- £ 

jl (_£1 I l^)ij^a tti^j *Mj^l £ -J^" iS* ^*^ AjIaC L_a3jJJj jjlLul ?T^>^ f" . u ^ J 

( Vx < Vy 

ajjlij ^lijl AjujVI (_^i (jj'j^Ji ^iijabd (A/D) uj^ a t . j 1 uj^ r u ^3i, cJ^" uj-^-^j 

jl^Laj ^gJjLiijI <JaJ.}]| ^_i 6 ^0 U^ ^J-^ AjLk jljiLdJ ^JlJ^ /g-ai^pl Aaji jl 4_La ^LjJaJJj 

(0.2 V) 
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Digital to Analog Converter (D/A) , JSUi c Jj ^A j ,»y J^fll 3-S 

) ^^IaJ ^j ij-^J (>« Jj^ "ftll UJ^d t^^J tAjlVI CjUjoiLaJlj l— LuibsJ ^al jS! Jl« Aj-aiJj 

.^Uaill ^ AjIjUuIIj A^ajll j^h*l\ luji ^3j>^ U ja. ( DAC or D/A 

(9-5) J£^b ^ r^^ l^ 




(D/A) Jja-aJI 4-4^-4 J^ajJ ^jHufl iakLa (9~5) Jlu» 
?r j^ll jj^ij ( A, B, C, D) £cjjIL*]| J^jla (jc- U-^-^J A) 4jj^ f^J' l)^ ^J^ (J^<^i 
.^lj ^Uj f r> J (A, B, C, D) 4-uL£ JiU a,uJ a! (D/A) ^U; JJ ^j 




* gm> 



(A/D) <Jj Jj^ SjJU <>Ja^ ^.jtt (10-5) J^ 



(RI, R2,R3, R4, CjLjIIJ 4^- ^ 



K -V *j? 



1111 

_ + + + 

R 4 R 3 R 2 R x 



►0) 



. 1 ^W^oli4^ 1 ^^A£tudUiJ>s R1=R 

. 2 <|jU*j Cw *t*ii <Cu3j ^fillj B ^llAXL ckup R2= -^l 

.2 

. 4 <|jL^ ££$ £*! j^iOjjj t£ti\j C ^LxiXL JcuSp R3= — ~ 
8 (iijLuij cu3 && 4i4Jj (^jJij D TpUL Jajjjj R4= — 



•»l it 



4j«i*j]| 4-<ajtLa A-fljij (3V) (_£jUuLj c>^^' ^-?> l£^ (J^-J^ ^^ ' (Jj^- all (J-oC a^ij /^JJ 

(11-5) c&tfL L£ (R= 150KQ) JiJ ^jliaj 4 (Rf=20kQ) V^ 



TTT1 




L 

(11-5) J^ 
*,=*=150*fl ' : </ MS(Rl,R2,R3,R4) 



i?,=^= 



i?! _ 150 



=75 An 



3 4 4 
^ = 150 = 1875 ^ Q 

4 8 8 



(16 ) li^aju IIa jlfl t Ja.I.1a AjujI (JC 6jUc ( <ff*SjM J^^ ) 4jj^I J^-IaaII J.1C jl Ujj 
A-ojSII C5 j^j (0000) a\aj£\\ (si <J^I (> CjVUI^VI 6 1a I-Ijj tliL* Ja.l^JI dig] JUia.1 

(1111) 

a£^1*1I ^ oj&&\ jj:^: <^j c^j J*^ J^ ^Lllall (^>il ) aj]jUu11 ajSlI ^jSL^j dill ji*j 

: JUl£ (1) aLUI 
rijSU ^ JaJ2 V CjLjUJI £j*a> Jl cr^3 I V (0000) ^jSI lMI j^ lil- ^ 
:^ V OUT ^Ull CJ iJI A^i jj£j (1) a£U1I j^j 
V out = 3 * 20* (0+0+0+0) = 
Jija <illljj 4 J£u A ^ttfJ j! ^ ll^i (0001) ^jll lMI j 1 * \'4 -a 

£ jaJI 4_aj3 jj£j (1 ) AJlUI JjiWijj 6jj|^L ^tiLaL ^JaJJjAll RI A-ojlLJI 

y J*> VOUt J^Ull 



3* 20 + + + 



V J* vout ^L 
— = 0.4T 
»0 J 



150 
Ji^S d&U cp£* A.B j^tttJI j! ^ IV (0011) ^Jl l^J jl£ 111- Y 

^jiJl A-aja c j£j (1 ) 4£>UJI (jnWnj SjjIaIU j^llLalU A Vi nj^ll R2,R1 jllajlloll 

i^ V out JSU1I 

K , = 3 * 20 | + + — + — ^— ) - 1 ,2V 
y 75 150 J 

d&U Alii. A,B,C,D ^dSlioil ^h^ j' yr^ j V QUI) ^J J^^l u^ ^j" V 1 
(1) Ai!^UJI jjiVijj SjjUU ^jjILJU a±&jA\ Rl, R2, R3, R4 lJ^j\U\ JaJ3 

^ V out gJjLull £ jaJl 4-^3 jj£j 

V = 3 * 20 f — + — - + — + -J— I = 6^ 

U8 -75 37 .5 75 150 ) 

'. ,_A ClAiaj'NU 6^C (3±ui Lax ?r > >>"l J 

^ Lo£) dulj jI-iIaj a] J^>UI j! (JjLuJI ?r j^JI <j& t qfo^j <Jjb2 2" J^ J^ u' — ^ 

(0.4 V) ^U! JUJI 

(JkJll! (JjUj 6JJ«^ c£^J ^J (j-fllaJl ^tli&ll (JjllJ ajjl^ll ^ (J^Jlj 4-ajH-o c^l jl — X 



JSUll^lj (A,B,C,D) 



(J^,1Aa1] Aj£-a-4Jl Axa3^)ll *Asl\ * )a^ ^LjJajJ /JtiJi (Jj^Jlj 

-VfrX Jj^M Vout 
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IA-iM A^Sjll <-itjXU ^j^lUll ^ jiJ| ^ 



5V 



-/ S1 « v\AA^ B | 



vVW^ 



VAAA- 



^vw- 




.1 ^jaVcc = 5 jl£!Jl :Jllc 

1001-1 

1101-2 

1010-3 

10101-4 



♦ Vo 



lM 



Jl^lL ^^ ja U£ R, 2R, 4R, 8R, 16R ^ ,>Vl JJ Jfrl jjjll *-j§ ^ 

5 bits c> jj£jj binary number ^L&ll ^1 
S4, S3, S2, SI, SO 

^A £ jail Sjlallall fJlill jj^Jj N=5 jj£j tdlJlJ 



V - - V 

v o — v cc 



Sn-ii 

2n-l 



n=l 

S4 S3 S2 Si So 
V = - (- +--+--+--+--)v cc 

1 2 4 8 16 
= - (S4 + 0.5 S3 + 0.25 S2+ 0.12 S5, + 0.0625 SO) V cc 

: Jti\\ Jj^JI j>j sILjuoI! *j31£1I ^:OU '^jh^W ^1 jUjVj 



S4 


S3 


S2 


S1 


so 


(S4+0.5S3+0.25S2+0.1 25S1 +0.0625S0 


()=V 


V0= (-x)/5 





1 
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(0+0.5+0+0+0.0625) 


0.5625 


-2.8125V 
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1 
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((0.+0.5+0.25+0+0.0625) 


0.8125 


-4.0625V 





1 





1 





(0+0.5+0+0.125+0 


6.6250 


-3.1250V 


1 





1 





1 


(1+0+0.25+0+0.0625) 


1.3125 


-6.5625V 



i^ijtt ^ijuvi -2 i^u^i ajuft\ -l 

.^•Sjll ^Uiil Jjj^I <J^j-« f*^ £-« £j& m *3o* 
4Aj& >jj <JL£ U^uaj^ A/D cjVj^a^I P^ ^^ AjIoc djib *wjJI jla rj^ :4o* 

.Jja-aJI I.1A J-axj uL£ tin* D/A Jj^-<» SjjU f-ujj^tj dLl^l l^-uajjj £>uil :5<j^ 

4J Jijil ^a * A^Uj JaIaa A*jJ <U (A/D) ^bu JS ^kj <> Jja^ LL.il :6o- 

JUA ^UjlL* 4a£j (Rf = 15KQ) 4*a6*l\ AjJxjII ^Ujlli 4a£j < ( Vi = 5V)(ijL-j 

.JUtt ^ <> **£ ja Jil^ ^SUifl jf^Jt ±>jl (R= 88 KQ) 

:4JLtfl V*M cjU^I2 ^jlaluil ^jaJl ^ uu-aI Vcc= 7 V £j& 131 :7<j" 

10101 ( ) 
1011 ( Y 

noi ( r 

1110 ( £ 



